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ABSTRACT 
 
 
 
 
 
Microbial aggregation and surface hydrophobicity are two important 
variables often used to evaluate the initial stage of granules development. Most 
studies only focused on the development of granules but have not studied the ability 
of microbial aggregation and surface hydrophobicity (SHb) of bacteria in the initial 
stage of biogranulation process. This study investigated the effect of metal cations in 
improving granules development based on microbial aggregation and surface 
hydrophobicity (SHb). Autoaggregation (AAg) and SHb of Brevibacillus panacihumi 
strain ZB1, Lysinibacillus fusiformis strain ZB2 and Enterococcus faecalis strain ZL 
cells were studied using batch culture. Synthetic wastewater under aerobic condition 
with the addition of Ca
2+
, Mg
2+
, Al
3+
, Mn
2+ 
and Zn
2+ 
was applied. Initial screening 
for AAg and SHb using 2-level factorial design showed that Ca
2+
 caused a significant 
increase in these two parameters for all the bacteria. Based on the AAg ratio 
measured from changes in absorbance of the culture medium, all of the three bacteria 
were classified as medium AAg. L. fusiformis strain ZB2 had the highest value of 
AAg by having a compact and large microscopic clustering of cells, followed by B. 
panacihumi strain ZB1 and E. faecalis strain ZL. The AAg ability of each bacterium 
was well correlated with the SHb. Addition of selected mixed cations (Ca
2+
, Mg
2+
, 
Al
3+
and Mn
2+
) increased the AAg ability of the bacterial strains from 35% to 41% for 
E. faecalis strain ZL, 43% to 56%  for B. panacihumi strain ZB1, and 49% to 57%, 
for L. fusiformis strain ZB2. The SHb of the investigated bacteria had also increased 
from 32% to 37% for E. faecalis strain ZL, 45% to 55% for B. panacihumi strain 
ZB1, and 51% to 57%, for L. fusiformis strain ZB2. Addition of mixed cations has 
also caused a significant increase in the microbial aggregation and SHb of the mixed 
bacterial culture. The mixed culture consisting of all bacteria had the highest 
microbial aggregation (44.7%). On the contrary, the mixed culture consisting of B. 
panacihumi strain ZB1 and E. faecalis strain ZL had the highest SHb (28.8%). As a 
conclusion, addition of different cations resulted in an increase of AAg and SHb in 
individual and consortium of the tested bacteria. 
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ABSTRAK 
 
 
 
 
 
Agregasi mikrob dan kehidrofobikan permukaan adalah dua pembolehubah 
penting yang selalu digunakan untuk menilai peringkat awal pembentukan granul. 
Kebanyakan kajian hanya tertumpu kepada pembentukan granul tetapi tidak 
mengkaji tentang keupayaan agregasi mikrob dan kehidrofobikan permukaan (SHB) 
daripada bakteria dalam peringkat awal proses pembentukan granul. Kajian ini 
dilakukan untuk menyelidik kesan kation logam dalam meningkatkan proses 
pembentukan granul berdasarkan agregasi mikrob dan kehidrofobikan permukaan 
(SHb). Agregasiauto (AAg) dan SHb bagi sel-sel Brevibacillus panacihumi strain 
ZB1, Lysinibacillus fusiformis strain ZB2 dan Enterococcus faecalis strain ZL telah 
dijalankan secara kultur berkelompok. Kajian dijalankan menggunakan airsisa 
sintetik dalam keadaan aerobik dengan tambahan Ca
2+
, Mg
2+
, Al
3+
, Mn
2+
 dan Zn
2+
. 
Penyaringan awal bagi AAg dan SHb menggunakan reka bentuk 2-tahap faktorial 
menunjukkan bahawa Ca
2+
 memberikan kesan peningkatan besar dua parameter 
tersebut kesemua bakteria yang dikaji. Berdasarkan nisbah AAg yang diukur 
menerusi perubahan penyerapan media kultur, ketiga-tiga bakteria ini 
diklasifikasikan sebagai jenis bakteria yang memiliki AAg sederhana. L. fusiformis 
strain ZB2 mempunyai nilai AAg tertinggi dengan sel mikroskopik yang padat dan 
gumpalan yang besar, diikuti oleh B. panacihumi strain ZB1 dan E. faecalis strain 
ZL. AAg untuk setiap bakteria yang dikaji mempunyai korelasi yang baik dengan 
SHb. Penambahan campuran kation terpilih (Ca
2+
, Mg
2+
, Al
3+
dan Mn
2+
) telah 
meningkatkan keupayaan AAg untuk setiap strain bakteria daripada 35% hingga 
47% bagi E. faecalis strain ZL, 42% hingga 57% bagi B. panacihumi strain ZB1 dan 
42% hingga 56% bagi L. fusiformis strain ZB2. SHb bagi bakteria yang dikaji juga 
menunjukkan peningkatan daripada 32% hingga 37% bagi E. faecalis strain ZL, 45% 
hingga 55% bagi B. panacihumi strain ZB1 dan 51% hingga 57% bagi L. fusiformis 
strain ZB2. Penambahan kation campuran juga memberikan kesan terhadap 
peningkatan agregasi mikrob dan SHb bagi kultur bakteria campuran. Kultur 
campuran yang terdiri daripada kesemua bakteria mempunyai agregasi mikrob 
tertinggi (44.7%). Kultur campuran yang terdiri daripada B. panacihumi strain ZB1 
dan E. faecalis strain ZL memberikan peratusan kenaikan SHb tertinggi (28.8%). 
Sebagai kesimpulan, penambahan kation yang berlainan menghasilkan peningkatan 
AAg, dan SHb secara individu dan gabungan bakteria konsortia yang diuji. 
